The forest fragmentation is considered to be one of the main processes causing negative effects on biodiversity. Among its effects, it causes changes in the composition and diversity of forest species through the replacement of original species by other adapted for disturbance areas. Therefore, the objective of this research was to evaluate the impact of the edge effect over richness and abundance of tree species in an Araucaria Forest fragment in southern Brazil. Data from two plots of 1 hectare each submitted to annual inventories (since 1995) were used. Individuals with diameter at breast height (1.30 m) over 10 cm were measured, and their geographical coordinates were recorded. These individuals were plotted over a grid where the plots were divided into subplots of 10x100 m after the edge. In addition, the edge influence over mortality and ingrowth was assessed. The existence of influence over richness and abundance of tree individuals was observed, mainly in the region up to 30 m from the edge. The edge effect influences mainly the ingrowth in comparison to the mortality, and both plots responded differently to edge effects. Keywords: Forest fragmentation; Atlantic forest; floristic composition; ecological group; cluster analysis.
INTRODUCTION
The Atlantic Forest is considered one of the 25 hotspots of biodiversity in the world, and one of the greatest centers of species endemism (RIBEIRO et al., 2011; RIBEIRO et al., 2009) . Several studies have pointed the low quantity of remaining fragments of this biome and a major part of them have less than 50 hectares of extension (RIBEIRO et al., 2009) . Over this perspective, these fragments are subjected to the negative effects of forest fragmentation and one of great importance is the edge effect. This effect is the main threat to the conservation of these forest fragments (NASCIMENTO et al., 2010) . With forest fragmentation, the edge environment grows drastically, while it is only found in a small scale in primary forests VASCONCELOS, 2009) .
In the edge region, the biotic and abiotic changes are more pronounced, creating different microenvironments and an abrupt transition between the forest and surrounding areas (FERRAZ, 2011) . Among the abiotic alterations, it is possible to mention: reduction of relative humidity, rise of temperature, greater 408 FLORESTA, Curitiba, PR, v. 47, n. 4, p. 407 -416, out/dez. 2017 . Hentz, A. M. K. et al. ISSN eletrônico 1982 10.5380/rf.v47i4.53551 luminosity and wind, increase of evapotranspiration which decreases the flux of water in the soil, changes in biomass decomposition and carbon liberation to the atmosphere (MURCIA, 1995; VASCONCELOS, 2009) . Other than that, it is observed a higher intensity and occurrence of forest fires due to the proximity with non-forest areas, which were favored because of the presence of conditions as less moisture in the soil, as well the high intensity of sun light and winds that can spread the flames (CUMMING et al., 2012) .
At the biotic level, the effects can be either direct or indirect. Some of these effects are: mortality and/or ingrowth increase, density increase of pioneer species trees' and lianas, easily invasive species propagation and disease transmission, variations in biomass and carbon stock, and late sapling density reduction VASCONCELOS, 2009; PAULA et al., 2011; RIGUEIRA et al., 2012) . Fragmentation, mainly in areas with high proportion of edges, affects pollination systems, leveraging generalist diurnal pollinators and hermaphrodite trees (LOPES et al., 2009) . In addition, the fragments are exposed to a ruderal plant's seed rain and alterations in the soil seed bank, which can modify the composition and structure of the remaining fragment, and can lead the fragments to initial stages of succession (TABARELLI et al., 2008; SOUSA et al., 2017) .
Edge effect generates a range of alterations in the communities, and the understanding of its impacts, as well as its extension and magnitude, becomes important for conservation strategies development (MURCIA, 1995; NASCIMENTO et al., 2010) . In Atlantic Forest regions, several edge effect influence distances can be found: 50 m for forest environments is the most common value (MURCIA, 1995) , also observed in Araucaria Forest areas (FONTOURA et al., 2006) . This distance is shorter for Atlantic Rainforest (sensu strictu), 30 m (RIGUEIRA et al., 2012) . There is no consensus in the literature regarding these values, and the edge effect varies according to different assessed characteristics and forest type (HARPER et al., 2005) .
Because of that, there are still some pending questions, such as: Can edges affect species richness and abundance, as well as the distribution of ecological groups inside the forest? Furthermore, how far inside the forest is possible to observe edge effects? Therefore, the objective of this paper is to assess the influence of edge effect at species richness and abundance in a fragment of Araucaria Forest along 18 years.
MATERIAL AND METHODS

Study area
The survey was performed in two permanent plots located in an Experimental Station (25º 34' 18" S and 50º 05' 56" W) in the municipality of São João do Triunfo, central-south region of Paraná State -Brazil, at 780 m over the sea. The region climate, according to Köppen classification, is Cfb (temperate always moist), with annual average temperature between 17 and 18º C (IAPAR, 2012) . Annual average precipitation ranges from 1,400 to 1,600 mm; annual relative humidity varies from 75 % to 85 %; and annual average evapotranspiration ranges from 800 to 900 mm (IAPAR, 2012 ). An association of Red-Yellow Argisols, Tb Haplic Cambisols and Red Latosols occurs in the Experimental Station (EMBRAPA, 2013) .
The São João do Triunfo Experimental Station (EESJT) has a total area of approximately 33 hectares over the Araucaria Forest, also known as Mixed Ombrophilous Forest (IBGE, 2012) . The fragment was divided in 30 1ha plots (100x100m), which are part of the Long Term Ecological Research Program (PELD) Site 9, and four of them have been measured annually since 1995. Thus, in this study, we used these annual inventories records, from 1995 to 2013, in which all measurement events were performed in July. Two of the four plots (named as A and B) were selected for this study due to their proximity to the edge. Both of them present one side facing a non-forest site. A plot borders an unpaved road (around 8 m wide) followed by a homogenous plantation of Pinus sp., and it is represented by Araucaria angustifolia (Bertol.) Kuntze and hardwood species in the canopy; and B plot is neighboring to an agricultural area, and is represented by hardwood species, mainly Ocotea porosa (Nees & Mart.) Barroso, predominating in the canopy. More information about the EESJT site and the data collections performed along the years in this area are presented in Sanquetta et al. (2014) .
Data collection and processing
Data from forest inventories gathered in the study area from 1995 to 2013 were charted into electronic spreadsheets. They were composed by all trees over 10 cm of diameter at breast height (DBH). Ingrowth and dead individuals were recorded every year. Geographical coordinates of each tree and the plot's limits in vector shape were taken during the inventories.
Plots A and B were divided into 10 subplots according to distances to the edge (figure 1). Each subplot had 10 x 100 m, totaling 1,000 m², and was identified by a number and the code letter for the plot. Thus, spreadsheets with the species and individuals of each subplot were generated, and exported to a geographic information system (GIS) software in the sequence. All individuals were identified by subplot. FLORESTA, Curitiba, PR, v. 47, n. 4, p. 407 -416, out/dez. 2017 Besides, as it was observed from 1995 to 2013, many ingrowth had occurred, as well as a large mortality rate. Due to that, we decided to divide data into three categories: living trees -all individuals measured in 2013; ingrowth trees -those that were not included in the first inventory, but reached 10 cm at DBH in the next measurement events, including even individuals that died during this period; and dead trees -all that were measured during the study and were dead in some year. 
Richness and abundance
Richness was defined by the sum of species found in each subplot. As some individuals were not identified in both plots, they were recorded as a unique group, and considered as one species in the richness calculations. The same pattern was assumed for living, ingrowth and dead trees. Abundance was calculated by the sum of individuals found in the subplots.
Cluster analysis
The cluster analysis was performed by using individual's abundance for each species. Data were organized in matrices, in which each species was represented by the number of trees found in each subplot. Ward's method (minimum variance) and the Squared Euclidean distance were applied, and the values were standardized before the calculations. Statgraphics plus 5.1 was used for the cluster analysis. In order to analyze the number of groups formed, the dendrogram was halved.
Ecological groups
Species were classified according to ecological groups as described by Leitão Filho (1993) : 1) Pioneers: usually short-lived and fast growing, rising in forest gaps, on the edges and open spaces, clearly dependent of high luminosity, and not occurring under dense canopy; 2) Early secondary: growing in small forest gaps or, more rarely, under dense canopy, at intermediary shade, also occurring in old forest gaps areas, next to the pioneers; 3) Late secondary/climax: rising under dense canopy, permanently shaded areas and, in this case, can be either small or large tree species, with slow growth rate that may reach the canopy or even emerge it.
Distribution of ecological groups was performed based in two categories: light demanding group (pioneers and early secondary species); and shade tolerant group (climax and late secondary species). Species found in A and B plots and their ecological groups can be found in 
RESULTS
Species richness and abundance of living individuals were slightly higher in B than A (figure 2). Richness in B plot was higher at the edge (subplot 0-10 m) than in the inner part. For A plot, richness showed almost no variation, with slight increase in the subplot 20-30 m from the edge, while in the other subplots richness was close to 20 species. For abundance, B plot presented higher values than A in total but not in all subplots. Moreover, the subplots near the edge (0-10 m) in B had more individuals than the same subplot in A (172 and 87). The second subplot (10-20 m) in B plot was also higher than the average. In the other subplots (>20 m), abundance values were around 80 and 50 for A and B plots.
Species richness for ingrowth on both plots was higher in subplots closer to the edge (figure 2). Subplot A02 (10-20 m) was the richest of this plot; however, species number gradually declines to the subsequent subplots. First subplot of B contrasts to the others, with twice species. For ingrowth abundance, subplot B01 was much higher than the others, meaning that the high density of ingrowth occurred only in the edge of this plot. For A plot, there was a gradual decrease in ingrowth abundance, but, different from richness, subplot A01 presented more individuals than A02.
Mortality in plot A did not show a pattern neither for species richness, nor for the abundance of individuals (figure 2). Indeed, in the first four subplots of A plot (A01-A04), richness of dead individuals was lower than in the other subplots. Abundance did not differ much among subplots. In B plot, however, mortality was accentuated in the subplot B01 (0-10 m from the edge), as well as a much higher species richness of dead individuals. Cluster analysis of living individuals in A and B plots (figure 3) allowed grouping the first subplot right after the edge with its subsequent two subplots. Three groups were formed in A: A01, A02 and A03; A04, A08, A09 and A10; and A05, A06 and A07. For B plot, we found three groups: B01, B02 and B03; B04, B06 and B05; and B07, B08, B10 and B09. Ingrowth data (figure 3) in A plot resulted in three groups: group A01, A02 and A03; group A04, A09, A08, A06, A05 and A07; and the last group formed only by A10. Ingrowths in B were also separated in three groups: group B01, B02 and B03; group B04, B05 and B06; and group B07, B08, B09 and B10. Grouping analysis of dead individuals did not provide results to similarity among subplots related to the edge; therefore they are not presented.
Ecological group distribution for living individuals (figure 4) in the subplots closer to the edges had a higher presence of light demanding individuals, for both plots. Climax species have occupied predominantly the inner portions of the plot A, differently from B plot. Light demanding group was the predominant up to subplot A03, and after this, the shade tolerant group was improved. High density of both groups was registered in edge of B plot. Pioneer and early secondary species were located mainly in the edges of B. On the other hand, climax and late secondary species were distributed throughout the whole plot with a higher occurrence in the edge. For ingrowth individuals (figure 4) of A, the closer to the edge, the higher was the proportion of light demanding individuals. However, the shade tolerant species also represented part of the ingrowth in the edge. Again, it was noticed that there is an inversion of which group is predominant, and this inversion occurs between A04 and A05 plots. The light demanding group prevailed until A04, and the shade tolerant group became predominant from A05. For B plot, the subplot closer to the edge (B01) presented a high density of both groups, but the climax/late secondary group was predominant. In the rest of the plot, there was an increase of shade tolerant species towards the interior of the plot, as well as the reduction of light demanding species. Thus, the results for ingrowth followed the same pattern previously mentioned for the living individuals, except for one subplot of B near to the edge.
In A plot (figure 4), the closer to the edge, the higher was the mortality of light demanding species, while in the inner part mortality was higher for shade tolerant species. There was an increase of mortality of light demanding species closer to the edges in B, while a higher mortality of shade tolerant species was observed in the rest of the plot.
DISCUSSION
Results for B plot, with higher richness near to the edges, agree with trends registered by other authors (HARPER et al., 2005; BERNACCI et al., 2006) . In some cases, according to Fontoura et al. (2006) , the edge itself (0 m) showed to be distinct from the rest of the forest, similarly to what happened with plot B. Ingrowth richness and abundance proved that higher richness in the edge was not related to a pre-existing process, once there was a higher abundance of regenerating individuals in these regions, also indicated by Fontoura et al. (2006) . Fast regeneration is important as it reduces the contrast of the edge over the time, due to the renovation of the forest, and it is commonly present after the edge's stabilization period (HARPER et al., 2005) .
Accentuated increase of ingrowth in the edge of plot B is possibly related to the higher amount of light that crosses this area, as a result of the surrounding matrix (WATLING et al., 2011) . Plot B edge faces the southeast direction (sunlight is likely to be reduced); however, as the area right after the edge is used for agriculture, it promotes high level of luminosity. On the other hand, edge of plot A faces the northeast direction, where solar luminosity is higher, but it is also reduced due to a forest plantation beyond the road, which can be acting as a barrier for winds.
The higher mortality on the edge of plot B was expected, as observed by other authors (LAURANCE et al., 2007; VASCONCELOS; . In plot A, we did not notice the same pattern. Since mortality is considered a process that occusr mostly in the first years after the fragmentation (LAURANCE et al., 2007) , it 414 FLORESTA, Curitiba, PR, v. 47, n. 4, p. 407 -416, out/dez. 2017 . Hentz, A. M. K. et al. ISSN eletrônico 1982 is possible that plot A presented high mortality rates years ago, and now there is a stabilization, since we still notice a high regeneration close to the edge.
Distinct patterns between the two plots can also be associated to the edge age (HARPER et al., 2005) , being the magnitude and distance influence more pronounced in recent edges. Considering the three edge development stages (MATLACK, 1994) -formation, reorganization of physical gradients and expansion of edge area -it is possible to suggest that the immediate effects of fragmentation have passed over the years, once mortality rates are lower in those areas and regeneration is higher, in order to supply the previous mortality. In addition, we can suppose that plot A has never faced intense edge effects due to the presence of arboreal vegetation near the plot edge. Edge effect was clearly observed in plot B, with high mortality and ingrowth rates, most relevant in the external subplot (B01). It was not possible to identify the exact age of the edges. However, by analyzing Landsat imagery, it was registered the same road present nowadays in the limit with plot A as in 1986, as well as the same agricultural area in the limit of plot B. These findings indicate that these edges must be at least 25 years old by the end of the evaluated period.
Cluster analysis indicates that the first three subplots were grouped due their richness and abundance similarities. The rest of the subplots were not always grouped with their neighbors. These results are coherent based on the analyses of richness and abundance performed separately. As previously observed, subplot B01 differs drastically from the others, even though it was grouped with B02 and B03 (in this group B01 is the most distinct subplot). Thus, edge effects seem to be present up to 30 m towards the fragment inner portion. This result differs from other authors, like Murcia (1995) and Fontoura et al. (2006) , in which the edge effects can influence the sites up to 50 m far from the edge. On the other hand, it converged concerning the abundance of pioneer species in the edge of Dense Atlantic Forests, according to Rigueira et al. (2012) . This result can be related to the availability of light, which is observed in high levels between 20-40 m inside of recent fragments (MURCIA, 1995) , while in older edges higher levels of luminosity are restrict to 10 m from the edges (RIGUEIRA et al., 2012) . So, these plots are possibly at different response stages regarding fragmentation.
The number of individuals in the light demanding group was higher next to the edges, as expected, due higher availability of light as well the dominance of this species in the seed bank (SOUSA et al., 2017) . This predominance remains until subplot A02 and A03 as same as abundance in other studies (BERNACCI et al., 2006; LAURANCE et al., 2007; FERRAZ, 2011; RIGUEIRA et al., 2012) . This can be explained by the increase of mortality rate of trees near the fragments edges, that increased the amount of forest gaps, favoring pioneer species over non-pioneer species (LAURANCE; VASCONCELOS; 2009).
Presence of shade tolerant species in the edges is similar to other studies (BERNACCI et al., 2006; FONTOURA et al., 2006) . This situation can be explained by the medium/advanced vegetation stage of these plots, where the canopy is comprised by pioneer species, and the shade generated by them enables suitable conditions to the development of shade tolerant species. In the same way, ingrowth and mortality rates are possibly stabilizing, because these are temporary events (LAURANCE et al., 2007) . In plot B, where the number of shade tolerant species in the edges is higher, this can also be a reflex of a previous process, considering that in this study we only assessed ingrowth with DBH greater than 10 cm, and therefore these individuals might be present in the forest for several years before reaching the minimum DBH criterion, especially considering the shade tolerant species that generally present slower growth compared to pioneers (BUDOWSKI, 1965; SOUSA et al., 2017; CHEN et al., 2017) . If the tree was smaller than 10 cm at DBH and the sapling bank would be considered, the trend could be different because they would have emerged recently.
Ecological group analysis of dead individuals showed the same trend for living and ingrowth individuals. In other words, it was found high mortality rates of light demanding species in the edge and of shade tolerant species towards the plot's interior. This difference might likely be an effect of higher density of these species in this region, combined to the fact that these species present lower longevity (BUDOWSKI, 1965) , as well are more susceptible to wind damage, since they have lower wood density (CHEN et al., 2017) , and consequently mortality.
CONCLUSIONS
In this study, we concluded that:  The edges have effects over richness and mainly over the abundance of arboreal individuals in Araucaria Forest ecosystem;  The edge effects were stronger over ingrowth individuals;  Edge effects were greater up to 30 m from the edge towards the forest inner part;  There were edge effects over ecological group distribution, once there was greater concentration of pioneer and initial secondary species near the edges.
